Background Patients with neuromuscular disease reportedly have a higher incidence of postoperative dislocation after bipolar hemiarthroplasty. Although the literature has focused on a high prevalence of preoperative neurologic conditions in patients who had dislocations after bipolar hemiarthroplasties, the relative incidence of dislocation in patients with neuromuscular disease and without is unclear. Questions/purposes We therefore (1) asked whether the incidence of postoperative dislocation after bipolar hemiarthroplasty was greater in patients with neuromuscular disease than for those without, and (2) whether function differed between the two groups, and (3) explored potential risk factors for dislocation in two groups.
Introduction
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Evidence also suggests patients with neuromuscular disease are at increased risk of falls [4, 7, 32] , which is related more to intrinsic than extrinsic factors [4, 18] . Patients with neuromuscular diseases also apparently have increased rates of osteoporosis that might not be related solely to immobility [7, 17] . With increased risks for falls and osteoporosis, patients with neuromuscular diseases may be at an increased risk of fracture of the femoral neck.
Treatment options for displaced femoral neck fractures in elderly patients include internal fixation, monopolar hemiarthroplasty (HA), bipolar HA, and THA. Many surgeons prefer bipolar HA [1, 2, 5, 13, 15, 25] . Iorio et al. [15] suggested bipolar HA is the most cost-effective treatment option for displaced femoral neck fractures in the elderly. Haidukewych et al. [13] reported high component survivorship (95.1% at 5 years, 93.6% at 10 years, and 89.2% at 15 years) and a low dislocation rate (1.9%) after bipolar HA for displaced femoral neck fractures in elderly patients. However, high death rates (14%-47% [9, 11, 31] ) and postoperative complication rates (32%-87% [11, 31] ) have been reported after surgically treating patients who had neuromuscular disease, particularly after the treatment of fractures about the hip [3, 9, 10, 12] . Some studies suggest these patients have high rates of dislocation ranging from 10.6% to 45% [9, 25, 31] , and decubitus ulcers ranging from 6% to 49% [9, 25, 31] . These studies identified various reasons for dislocation including trauma, fall, component malposition, inner bearing dissociation, and breakage behind such events; one suggested potential ways to prevent such dislocation (eg, protective measures, prophylactic use of hip brace during the first few weeks after surgery) [8] . Three studies [9, 25, 31] focused on a high incidence of preoperative neurologic conditions in patients who had dislocations after the bipolar HA, but did not clarify the relative incidence of dislocation in patients with neuromuscular diseases and without.
We therefore (1) asked whether the incidence of postoperative dislocation after bipolar HA was greater in patients with neuromuscular disease than in those without, and (2) whether function differed between the two groups, and (3) explored potential risk factors for dislocation in two groups.
Patients and Methods
We retrospectively reviewed the charts and radiographs of 190 patients who underwent bipolar HAs for unilateral fractures of the femoral neck between 1996 and 2008. Of the 190 patients, 42 had various neuromuscular diseases including cerebral infarction, Parkinsonism, poliomyelitis, and dementia (Group I), and 148 had no neuromuscular disease (Group II). We excluded patients with a history of hip surgery or pathologic fracture caused by tumor. Patients who had fractures of the limb involved with neuromuscular disease were assigned to Group I. Of the 190 patients, 122 were females and 68 were males. The minimum followup was 13 months (mean, 36.5 months; range, 13-76 months). No patients were lost to followup. The study protocol was approved by our local Institutional Review Board, and informed consent to participate in medical research was obtained from all patients.
There were no differences between the two groups regarding demographic characteristics ( Table 1 ). The acetabular and head distribution also did not differ between two groups. The 42 patients in Group I had cerebral infarction (n = 24), dementia (n = 8), Parkinsonism (n = 7), and poliomyelitis (n = 3) ( Table 2) .
We performed careful preoperative templating to adjust limb length and femoral offset to the level of the nonfractured side ( Fig. 1 ) [28] . The underlying neuromuscular disease of each patient was controlled with medication. All patients received preoperative antibiotics to prevent postoperative infection, and an antiembolic stocking. Bipolar HA was performed using the posterolateral approach with enhanced soft tissue repair, with the patients in the lateral decubitus position [29] . The same surgeon (KTS) performed all surgeries in all patients. Neck cutting according to the preoperative template was done. The femoral canal was prepared by removing all loose cancellous bone and drying the canal. A plastic plug was placed distally, and vacuum-mixed cement (Simplex P 1 ; Howmedica, Rutherford, NJ, USA) was introduced in a retrograde manner with a cement gun into the femoral canal before insertion of the stem. The acetabular components were inserted without reaming of the acetabulum. We performed intraoperative stability and hip traction tests to check stability and soft tissue tension. ROM during the intraoperative stability test was assessed with the trial components in place. Full extension with 40°external rotation and flexion to 90°with at least 45°internal rotation was desirable for stability of the joint. One design of cemented femoral component (Versys 1 Cemented CT; Zimmer Inc, Warsaw, IN, USA) was used for the bipolar HAs. Prosthetic femoral head sizes of 22 and 28 mm were available in our country, and this implant system offered five choices of length, of which the first three do not have a skirt or extension. All bipolar acetabular components had a mobile inner polyethylene liner in a cobalt-chromium metal shell (Multipolar; Zimmer). We used the posterior soft tissue repair technique [29] , which attaches the articular capsule and conjoined tendon to the greater trochanter, in all patients to regain soft tissue tension. During the posterolateral approach, the piriformis and conjoined tendon including the obturator internus were detached with electrocautery as close as possible from their insertion to obtain a wide flap. A nonabsorbable suture was passed through the tendinous portion of the piriformis muscle as a mattress suture, and the piriformis then was retracted posteromedially. The same procedure was repeated for the conjoined tendon. After reflecting these muscles, the posterior capsule was exposed along the base of the neck. Using electrocautery, the capsule was incised along the base of the neck. This capsulotomy was continued posterosuperiorly and posteroinferiorly to the acetabular labrum. A trapezoidal posteriorly broad-based capsular flap was created. Nonabsorbable mattress sutures were passed through the superior and inferior margins of the capsular flap and the capsular flap then was reflected in one piece. After completing the bipolar HA, two drill holes 2 to 3 cm apart were made in the greater trochanter from the anterior to the posterior direction. Two loops of nonabsorbable sutures in the upper end of the capsule and the piriformis were passed through the upper hole. The same procedure was repeated for the lower portion. Two loops of nonabsorbable sutures in the posterior capsule were tied tightly with the leg in external rotation. The same procedure was repeated on the short external rotators. The loops of the capsule and the short external rotators were tied separately to obtain a tightening effect because one of the loops could become loosened if tied in one piece.
Postoperatively, we used a triangular pillow to maintain abduction and prevent extremes of flexion. Patients remained at bed rest on the first day, followed by partial weightbearing with crutches for 6 weeks, and progressing to full weightbearing as tolerated. They were taught precautions against dislocation, and these were reinforced by the doctor before the patients were discharged from the hospital, which was usually on the tenth to fourteenth postoperative day. The patients were given an elevated toilet seat, and they were advised to limit flexion to 90°for the first 6 weeks after the operation.
Patients were followed clinically and radiographically at 6 weeks, 6 months, 12 months, and annually thereafter from surgery. We obtained postoperative Harris hip scores. At routine followups, AP, lateral, and crosstable lateral radiographs of the hip were obtained. An orthopaedic fellow (HSL) blinded to the clinical results and not involved in surgery measured the hip center of rotation, femoral offset, and limb length preoperatively on AP radiographs of both hips (Fig. 1) [28] . These parameters then were remeasured on radiographs made at the immediate postoperative evaluation. Incidence of dislocation in both groups was compared, and limb length discrepancy and femoral offset of both groups also were measured with the postoperative AP radiograph. True limb length discrepancy was gained by calculating the relative rate of the real bipolar cup. Magnification was determined by using known dimensions of the bipolar cup. The postoperative leg length measurement was performed by measuring the distance between the base of the teardrop of the acetabulum and the top of the lesser trochanters in both hips. Femoral offset was measured as the horizontal distance from a line drawn from the center of the femoral diaphysis to the center of rotation of the femoral head. The femoral offset, which represents the perpendicular distance from the femoral axis to the bipolar center of rotation, then was compared with the offset for the normal contralateral hip.
We analyzed the following factors to determine whether they had had any influence on the rate of dislocation: demographic factors included age, sex, bipolar acetabular component diameter, femoral head diameter, and preoperative underlying neuromuscular disease, and operative factors included limb length discrepancy and horizontal offset. Age, duration of followup, limb length discrepancy, and femoral offset were analyzed using independent t-test, sex using chi square test, and incidence of dislocation using Fisher's exact test. Logistic regression analysis was performed to evaluate independent association of risk factors with the incidence of dislocation in both groups. Statistical analysis was performed with SPSS 1 Version 14.0 software (SPSS Inc, Chicago, IL, USA).
Results
We observed similar (p = 0.330) incidences of dislocation in both groups: 4.8% (two of 42) in Group I and 2.0% (three of 148) in Group II ( Table 3 ). The incidence of dislocation was 2.6% (five of 190) for all patients. Dislocations occurred at 2 and 8 weeks after surgery in Group I patients and at 1, 3, and 10 weeks after surgery in Group II patients. Five patients with dislocations underwent manual reduction after the muscles were relaxed adequately by general anesthesia. The manual reductions were successful and without complications, including bipolar HA dissociation (Fig. 2 ). An abduction brace was applied for 6 weeks to prevent redislocation, and none has occurred. Five patients were followed up to 13, 15, 17, 19 , and 25 months after dislocation, respectively. Patients in Group I who experienced dislocations had cerebral infarction (n = 1) and Parkinsonism (n = 1) ( Table 2 ). Postoperative limb length discrepancies were À1.7 mm (range, À2.86-3.38 mm) in Group I and À0.7 mm (range, À4.53-4.51 mm) in Group II (p = 0.586). Postoperative femoral offsets were 2.3 mm (range, À3.15-4.28 mm) in Group I and 1.6 mm (range, À4.12-5.48 mm) in Group II (p = 0.762). There were no differences in leg length discrepancy and horizontal offset between the groups ( Table 3) .
The average Harris hip score was 93 points (range, 85-99 points) at the final examination. The initial dislocation occurred at a mean of 4.8 weeks (range, 1À10 weeks) after the five bipolar HAs (Table 4) .
We observed no independent association of risk factor with the incidence of dislocation in our two groups of patients (Table 5 ).
Discussion
Patients with neuromuscular diseases reportedly have a greater incidence of postoperative dislocation after bipolar HA than those without [25] . Previous studies [9, 25, 31] have focused on a high prevalence of preoperative neurologic conditions in patients who had dislocations after the bipolar HA but have not clarified the relative incidence of dislocation in patients with neuromuscular disease and without. We therefore asked whether the incidence of postoperative dislocation after bipolar HA was greater in patients with neuromuscular disease than in those without and whether function differed between the two groups, and explored potential risk factors for dislocation in two groups of patients.
We recognize limitations to our study. First, this was a retrospective study with relatively small cohorts with shortterm followup. Long-term results of a large group of patients are necessary to determine if the incidence of dislocation in patients with neuromuscular diseases is greater than for patients without neuromuscular diseases. Second, we did not directly compare our findings with a cohort study without careful preoperative management and operative technique such as a posterior soft tissue repair. Prospective studies or large retrospective studies would be required to determine the effects of surgical factors such as soft tissue repairs. We found a total incidence of dislocation of 2.6% (five of 190). Among these 190 patients, the incidence of dislocation was 4.8% (two of 42) in the group with neuromuscular disease and 2.0% (three of 148) in the group without neuromuscular disease. Several studies have documented the rate of dislocation after bipolar HA in patients with neuromuscular diseases (Table 6) [9, 25, 31] . Dislocation of a bipolar HA is uncommon, with reported rates of 1.5% to 2.0% [1, 3, 13, 25] . Bipolar HA is used as a treatment for recurrent dislocation after THA owing to its dynamic stability. The largest published series to date, combining data from two institutions, reported a 1.5% incidence of dislocation in bipolar arthroplasties during a 17-year period [1] . Another study, in which dislocation rates between early bipolar prostheses were compared, had prevalence rates ranging from 2.8% to 13.4% in prostheses inserted from 1977 to 1984 [24] . The factors contributing to dislocation in patients who had bipolar HAs are not well known. A history of hip surgery, inadequate soft tissue tension, method of surgical approach, and preoperative [1, 6, 20, 25, 32] ; it is known that patients with neuromuscular diseases have a greater incidence of postoperative dislocations after THA [9, 25, 31] . Once the dislocation has occurred, complications and morbidity related to difficulty in manual reduction, chances of open reduction, and replacement of prostheses increase [2, 12, 22, 25, 27] . Thus, prevention is more important than treatment. We performed careful preoperative planning, postoperative precautions designed to prevent dislocation, intraoperative stability testing, and used a posterior soft tissue repair technique [29] that helps maintain adequate soft tissue tension to decrease the risk for postoperative dislocation in patients with neuromuscular diseases. Special effort is required to prevent intraoperative and postoperative dislocations as stability is a concern for patients with neuromuscular disease who have THAs [7] . Sierra et al. [25] reported a high incidence of dislocation after bipolar HAs in patients with neuromuscular disease. Cognitive dysfunction from confusion, dementia, psychosis, or alcoholism is a reported risk factor for hip instability [21, 33] . Woolson and Rahimtoola [33] used regression analysis of dislocation in the first 3 months postoperatively and found cognitive dysfunction was a major factor. Neuromuscular dysfunction has a positive association with dislocation [14, 21] . In addition, lack of compliance with postoperative instructions can lead to improper positioning of the limb and inadequate myofascial tension can lead to instability of the hip. Trauma to the hip, such as a fall or slip, can cause a sudden dislocation of an optimally positioned total hip prosthesis [21] . The mechanism leading to dislocation in our group of patients might be because of muscle imbalance, with increased muscle tone and rigidity seen with Parkinson's disease, or cognitive dysfunction that reduces the patient's ability to comply with precautions designed to prevent dislocation. We believe patients with these neurologic impairments should be treated with additional preventive measures to decrease the chance of postoperative dislocation.
Some authors consider the posterior approach a risk factor for dislocation after bipolar HA [6, 20, 32] . Paton and Hirst [22] reported on Monk and Charnley-Hastings bipolar arthroplasties in 63 hips and found a dislocation rate of 4.8%. No dislocations occurred when using a direct lateral approach, although three of 36 occurred when using a posterior approach [22] . Sierra et al. [25] reported surgical approach and dislocation do not correlate after 20 years followup of 1812 bipolar HAs, and Ko et al. [18] reported a dislocation rate of 1.9% using a posterior soft tissue repair technique in bilateral bipolar HAs. Barnes et al. [1] reported no difference in dislocation rates between surgical approaches for bipolar HAs. The reported dislocation rate after THA using the posterior approach with adequate soft tissue repair is not high [16, 19, 26, 29, 30] . Because we used the posterior approach in all patients, comparison with another approach is needed.
We found no difference in the incidence of dislocation between patients with or without neuromuscular disease by maintaining adequate soft tissue tension using a posterior soft tissue repair technique. We believe the incidence of dislocations after bipolar HAs for patients with neuromuscular diseases can be decreased by careful preoperative planning, precautions designed to prevent dislocation, intraoperative stability testing, and a posterior soft tissue repair technique that helps to maintain adequate soft tissue tension. 
